Neonatal diarrhea syndrome is the most common disease occurring in calves aged less than 15 days and a major cause of decreased productivity and economic loss to the cattle industry worldwide. The morbidity rate ranges from 25 to 50% (more commonly in poorly managed farms) and the mortality rate is between 2 and 10% (Foster and Smith [@CR8]).

Infectious diarrhea of newborn calves is a multifactorial disease; apart from the enterotoxinogenic *Escherichia coli* (ETEC) which was previously identified as the cause of the disease (Nagy and Fekete [@CR13]), several other infectious agents such as viruses (Rotavirus, Coronavirus) and parasites (*Cryptosporidium parvum*) are known to infect intestinal epithelial cells, resulting in diarrhea (Cho and Yoon [@CR5]). This, in turn, decreases the absorption of essential nutrients from milk and leads to weight loss (Tóthová et al. [@CR17]) and dehydration (Foster and Smith [@CR8]).

Blood proteins are likely to change during the course of the disease and their measurement is an essential part of routine biochemistry and clinical laboratory practice (Tóthová et al. [@CR17]).

Protein electrophoresis is useful when routine investigations do not provide diagnostic information for decision making, providing the basis for further specific laboratory analyses. It is the current standard and most widely used fractionation technique for serum proteins in clinical biochemistry and molecular biology (Tóthová et al. [@CR18]). Generally, serum protein electrophoresis is used for evaluation, diagnosis, and monitoring of a variety of diseases including chronic liver diseases, hepatic cirrhosis, hepatocellular carcinoma, α~1~-antitrypsin deficiency, inflammatory bowel disease, amyloidosis, and multiple myeloma (Tóthová et al. [@CR17]). It can be also advised in patients with non-specific clinical symptoms, like depression, fever, weight loss, diarrhea, abdominal pain, or polyuria. Particularly, in ruminants, the most common use of serum protein electrophoresis is for the evaluation of the transfer of passive immunity via colostrum intake (Tóthová et al. [@CR17]). The fractions assessed after the separation of proteins in calves are albumins, a~1~-globulins, a~2~-globulins, β-globulins, and γ-globulins (Tóthová et al. [@CR17]; Tóthová et al. [@CR18]).

There is limited information concerning the alterations that occur in the protein fractions in diarrheic calves. Such alterations could not be attributed to dehydration, protein intake differences, inadequate immunoglobulin supply, and inflammatory processes.

The purpose of this study was to compare the electrophoretic profile of clinically healthy newborn calves and newborn calves with neonatal diarrhea.

Blood samples were collected at 3 and 10 days of age by jugular venipuncture from 25 Holstein calves of a dairy herd in Thessaly. All calves on day 3 were clinically healthy and had no sign of diarrhea. Eleven of the 25 calves remained clinically healthy throughout the study period whereas 14 of them had diarrhea (fecal score ≥ 2; 1 = normal, 2 = intermediate, 3 = watery) (Katsoulos et al. [@CR11]). At the day of sampling, all diarrheic calves had diarrhea for 3--5 days.

Serum total protein concentration was measured refractometrically with a temperature compensated refractometer (Reichert TS Meter refractometer, Model 1310400A, Reichert Scientific Instruments Buffalo, NY, USA).

Proteins were separated by electrophoresis on cellulose acetate in a Serum Electrophoresis Automated System (Minilite, Cell Diagnostic Division, Milan, Italy). The fractions assessed were albumins, a~1~-globulins, a~2~-globulins, β-globulins, and γ-globulins.

Data was analyzed with a statistical software (IBM SPSS Statistics 25). The significance of the differences between the percentages of protein fractions and their serum concentrations on day 3 and those on day 10 within and between each group was tested using paired-sample *t* test. A significance level of *P* ≤ 0.05 was used in all comparisons.

The significance of the differences between the percentages of protein fractions and their serum concentrations on day 3 and those on day 10 was tested using paired-sample *t* test. The analysis was done in the whole study population as well as within each group. A significance level of *P* ≤ 0.05 was used in all comparisons.

On day 10, the percentage of albumin fraction was significantly higher (*P* \< 0.05) than on day 3 in the whole study population (Table [1](#Tab1){ref-type="table"}) and in diarrheic calves (Table [2](#Tab2){ref-type="table"}). However, in calves that remained clinically healthy throughout the study period, no significant difference was observed (*P* \> 0.05; Table [2](#Tab2){ref-type="table"}). Despite these significant differences, the average serum albumin concentration was not significantly different within either group (*P* \> 0.05; Table [2](#Tab2){ref-type="table"}) or in the whole study population (*P* \> 0.05; Table [1](#Tab1){ref-type="table"}).Table 1Means ± SE and percentage (%) of protein fractions in total population of calves on days 3 and 10ProteinsDay 3Day 10Total proteins (g/dL)6.46 ± 0.206.30 ± 0.19Albumin (g/dL)3.29 ± 0.063.38 ± 0.08Albumin (%)51.74 ± 1.63^a^54.16 ± 1.41^b^a~1~-globulin (g/dL)0.35 ± 0.290.44 ± 0.11a~1~-globulin (%)5.49 ± 0.487.35 ± 2.06a~2~-globulin (g/dL)0.53 ± 0.030.54 ± 0.03a~2~-globulin (%)8.36 ± 0.478.72 ± 0.59β-globulin (g/dL)0.850.081.02 ± 0.06β-globulin (%)13.79 ± 1.0415.16 ± 0.51γ-globulin (g/dL)1.11 ± 0.24^a^1.49 ± 0.21^b^γ-globulin (%)17.32 ± 3.16^a^21.52 ± 2.36^b^A/G ratio3.52 ± 0.49^a^4,08 ± 0.53^ba,b^Figures with different superscript letters within the same row differ significantly (*P* \< 0.05)Table 2Means ± SE and percentage (%) of protein fractions in healthy and diseased calves on days 3 and 10ProteinsDay 3, mean ± SEDay 10, mean ± SEHealthyDiarrheicHealthyDiarrheicTotal proteins (g/dL)6.16 ± 0.336.66 ± 0.245.97 ± 0.256.54 ± 0.27Albumin (g/dL)3.37 ± 0.143.23 ± 0.063.39 ± 0.113.37 ± 0.11Albumin (%)55.29 ± 2.5549.28 ± 1.9257.27 ± 7.1552.01 ± 1.51a~1~-globulin (g/dL)0.30 ± 0.350.38 ± 0.040.52 ± 0.250.38 ± 0.68a~1~-globulin (%)5.02 ± 0.685.82 ± 0.669.42 ± 4.895.92 ± 1.05a~2~-globulin (g/dL)0.53 ± 0.060.53 ± 0.390.53 ± 0.060.54 ± 0.39a~2~-globulin (%)8.58 ± 0.768.22 ± 0.629.00 ± 1.148.52 ± 0.65β-globulin (g/dL)0.850.081.02 ± 0.060.84 ± 0.060.95 ± 0.06β-globulin (%)13.79 ± 1.0415.16 ± 0.5114.08 ± 0.5914.54 ± 0.72γ-globulin (g/dL)1.11 ± 0.241.49 ± 0.21^a^0.94 ± 0.191.28 ± 0.18^b^γ-globulin (%)17.32 ± 3.1621.52 ± 2.3615.04 ± 2.5319.01 ± 20.99A/G ratio4.39 ± 0.902.92 ± 0.51^a^4.83 ± 0.833.56 ± 0.67^ba,b^Figures with different superscript letters within the same row differ significantly (*P* \< 0.05)

In contrast to albumin, the percentage, as well as the average serum concentration of gamma globulins, was significantly lower on day 10 compared to those on day 3 in diarrheic calves (*P* \< 0.05; Table [2](#Tab2){ref-type="table"}) and in the whole study population (*P* \< 0.05; Table [1](#Tab1){ref-type="table"}). No significant difference was observed in the group of clinically healthy calves (*P* \> 0.05; Table [2](#Tab2){ref-type="table"}).

Concerning the other protein fractions, either their percentage or their serum concentration remained practically stable between days 3 and 10 as no significant difference was recorded (*P* \> 0.05) (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}).

Changes in the protein profile commonly occur as secondary symptoms in numerous diseases. The determination of their concentration could provide useful information to the clinician towards the differential diagnosis list compilation (Bartosz and Katarzyna [@CR2]). However, it has to be noted that the abnormalities observed in the protein profile of a patient may not only be related solely to the disease but also to physiological and to individual conditions (Elkhair and Hartmann [@CR7]; Tóthová et al. [@CR16]). Concerning calves, especially during the neonatal period, it must be considered that they have to adapt to different environmental factors, after the intra-uterine life, including nutrition and the result is an intense morphological, functional, and biochemical change in their organism which may be reflected to their electrophoretic profile (Piccione et al. [@CR14]). The data concerning the alterations on the electrophoretic profile in newborn calves are limited in the available literature. It is reported (Piccione et al. [@CR14]) that in healthy newborn calves, the concentration of albumin progressively increases, the α-globulins decrease, and that β- and γ-globulins remain stable during the first month of their life. However, at the same study, it was mentioned that there is no significant effect of time on the serum protein profile during the first week of life.

Total protein concentration was measured in this study by refractometry because it is easy and rapid to perform low-cost method with minimal equipment requirement. The refractometer used has been evaluated and proved to be accurate for the measurement of serum protein in cattle (Katsoulos et al. [@CR10]).

The average total protein concentration measured on day 3 at the present study was higher than 52 g/l indicating that calves in both groups had adequate passive immunity transfer. These values remained practically stable in until day10 even in the group of diarrheic calves despite the recorded alterations on the different fractions. This finding suggests that this parameter is unaffected by neonatal diarrhea syndrome and its determination does not provide much information for clinical assessment of calves immediately after diarrhea episodes.

The most important finding of this study is that neonatal diarrhea syndrome is associated with significant reduction of serum gamma globulins; such a reduction was observed only in the group of diarrheic calves and concerned not only the average concentration but also the fraction of gamma globulins. This observation provides novel information concerning the pathogenesis and understanding of this syndrome as it indicates that serum immunoglobulins, which are considered as the main fraction of gamma globulins, are transferred to the intestinal lumen in order to counteract the infection. In accordance with this point of view are previous reports that diarrhea in calves is associated with a significant decline in serum immunoglobulins' concentrations (Balikci and Al [@CR1], Rocha et al. [@CR15]). Furthermore, the transfer of IgG from the blood serum to the intestine is well defined in calves, at least as far as it concerns rotavirus antibodies (Besser et al. [@CR3],[@CR4]); this transfer has also been suggested as a significant mechanism of protection against rotaviral diarrhea (Besser et al. [@CR3]).

Similar observations regarding the presence of high antibody titers in the gut lumen that sequestrated viral particles have also been reported in canine parvoviral diarrhea (Desario et al. [@CR6], Kantere et al. [@CR9]).

In accordance with this point of view are previous observations (Balikci and Al [@CR1]) that diarrhea in calves is associated with significantly lower serum Ig concentrations.

In the group of healthy calves, no alteration was recorded in gamma globulin concentration which is confirming previous findings (Piccione et al. [@CR14]).

The significant increase in the albumin fraction in the diarrheic group between the sampling days could be attributed to the relative reduction of the gamma globulin fraction. Despite insignificant, serum albumin concentration was higher at day 10 compared with day 3 in this group. This is probably related to some degree of dehydration that these animals had due to diarrhea. The hardly identical serum albumin concentration recorded in the group of healthy calves on days 3 and 10 is in accordance with previously reported observations (Piccione et al. [@CR14]). The other protein fractions were not significantly affected by the presence of diarrhea. The insignificant increase recorded in the a1 fraction of the healthy animals between days 3 and 10 is hard to explain; it is possibly associated with conditions not related to inflammatory disease (Lomborg et al. [@CR12]).

An acute phase reaction response, although might be expected in calves with neonatal diarrhea syndrome, was not justified by the results of the present study. However, it is uncertain whether such a response, if present, is missed due to the presence of diarrhea for 3 to 5 days at the day of sampling or is masked by the dehydration that occurs and the reduction of gamma globulin concentration recorded.

The results of the present study provide evidence that neonatal diarrhea syndrome in calves is associated with significant alterations on the electrophoretic profile of serum proteins. The most important one is the significant reduction of gamma globulin concentration which is probably related to the transfer of serum immunoglobulins to the gut in order to counteract the infection. Of course, further investigation is required with repeated daily samplings even from the first day of diarrhea in order to clarify whether an acute phase response is justified in diarrheic calves and whether the observed alterations elucidate a prognostic value.
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